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ABSTRACT 

Experiments have been conducted using haielnut biodiesel with L-ascorbic acid as antioxidant. 
The physiochemical properties of test fuels are suitable to be used as fuels on diesel engine. With a addition of the 
antioxidant, NOx emission reduced drastically with hazelnut biodiesel. The performance and emission characteristics of 
hazel nut biodiesels are compared with diesel and discussed. 

KEYWORDS: Antioxidant, Biodiesel, NOx, CO & HA20 


TRAN5 

STELLAR 

•Journal Publications «Research Consultancy 



Received: Feb 11, 2018; Accepted: Mar 02, 2018; Published: Mar 15, 2018; Paper Id.: IJMPERDAPR201898 

INTRODUCTION 

With the demand in energy consumption, the cost of importing large quantities of petroleum fuel has 
increased enormously in developed and developing countries. There will be a significant impact on the economy 
and environment if part of the total petroleum consumption had been substituted by some other means [1]. With 
this, energy management techniques, energy efficient systems, socio- economic protection and utilization of 
alternative fuels have become areas of interest among researchers. The quest for alternative fuels which are 
renewable, easily available, and sustainable and eco friendly are of prime important [2]. Biodiesels produced from 
vegetable oils are such a promising fuels in the present scenario [3]. Research established on various biodiesels 
revealed that the physiochemical properties of most of biodiesels are almost similar to diesel and can be used on 
diesel engines without much modifications on the existing engines [4,5]. Out of the various biodiesels used, hazel 
nut oil utilization on engine has not been comprehensively studied. Nonetheless, Metin [6] conducted tests on 
engine fuelled with 5%, 20% and 50% hazelnut oil methyl ester. The comparison of physiochemical properties of 
hazelnut biodiesel showed that viscosity of 100% hazelnut biodiesel is very high (5.4cSt) than diesel. Also, the 
density is higher (884.3) than diesel. Performance and emission characteristics reveal that brake thermal efficiency 
of 20% blend of hazelnut biodiesel is higher than other blends. While the engine exhaust emissions such as HC, CO 
and NOx have increased with increase in blend ratio than diesel. Ayhan et al., [7] compared performance of engine 
fuelled with blends of hazelnut with other biodiesels. They concluded that BTE with 30% blend of hazelnut oil 
decreased by 3.1% while there was substantial increase in NOx emission. Saydut et al., [8] studied the 
characterization of hazelnut biodiesel and concluded that the additives used in production and transesterification of 
biodiesel plays a very significant role. Efe et al., [9]. Experimented hazelnut biodiesel in proportions of 20%, 50% 
and 100% on a diesel engine at varying speed. It was concluded that 20% hazelnut biodiesel produces good 
performance on the engine while NOx emission is higher than diesel. Yu and Hanna [10] established 
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characterization of hazelnut biodiesel and concluded that oxidative stability and tlowahility is higher than other biodiesel. 
Also, the average heating value of hazelnut biodiesel is almost similar to diesel. Kocak [11] studied the performance and 
emission parameters using hazelnut biodiesel on a turbocharged diesel engine. It was found that lower heating value of 
hazelnut biodiesel is lower than diesel thus BTE is as well low. High amount of NO x , HC and CO have been recorded than 
diesel. Demirbas [12] carried out supercritical fluid extraction method using N-hexane and methanol as solvents and 
obtained 25.7 - 38.5% of yield. At man [13] investigated the effects of cetane improver on blends of biofuels such as n- 
butanol, lOpentanol and hazelnut biodiesel. Alcohols have lower cetane number thus; 2-EHN was used in proportions of 
500, 1000 and 2000 ppm. With addition of 2-EHN, there was notable reduction in BSFC. However, NOx, CO emissions 
increased drastically. 

From the above literature, it is evident that NOx emission is higher than diesel for all blends of hazelnut biodiesel. 
Higher NOx was formed due to higher peak combustion temperature. Hardware modifications to mitigate NOx emissions 
are costlier. Addition of antioxidants can reduce combustion peak temperature which in turn reduces the formation of NOx. 
The aim of present study is to investigate the influence of antioxidant on the performance and emission of a diesel engine. 
In this regard antioxidant, L-ascorbic acid is used in proportions of 100 mg with hazelm.it biodiesel of 20% composition 
and 80% diesel (HA20). The alternative fuels used in this study are HA20 and neat hazelnut biodiesel (H20) and the results 
are compared with diesel. 

EXPERIMENTAL SETUP AND PROCEDURE 

Tests were conducted on a single cylinder diesel engine having rated power of 5.2kW at 1500 rpm. The detailed 
description of setup is presented in [14]. Before starting the engine, lubricating oil level and cooling water supply were 
checked and ensured. The standard operating procedure of conducting tests as per the manual has been adopted. The 
specifications of the engine are presented in Table 1 and engine setup is shown in Fig. 1. The test fuels used in this study 
were diesel, palm biodiesel 20% + diesel 80% by vol. (PB20) and palm biodiesel 20% + diesel 78% + soy-lecithin 2% 
(PBS20). Tests were carried out at 25%, 50%, 75% and 100% load to analyze performance and emission characteristics 
and compared with diesel. The physiochemical properties of test fuels are shown in Table 2. 


Table 1: Engine Specifications 


Make and model 

Kirloskar, TV1 

Number of cylinders 

1 

Bore, mm 

87.5 

Stroke, mm 

110 

Combustion chamber 

Hemispherical 

Piston bowl 

Shallow bowl 

Compression ratio 

17.5:1 

Rated power, kW 

5.2 

Rated speed, rpm 

1500 

Fuel injection type 

Direct injection 

Number of nozzle holes 

3 

Fuel injection pressure, MPa 

22 

Fuel injection timing, °CA bTDC 

23 

Dynamometer 

Eddy current, 7.5 kW, 1500-3000 rpm,air cooled with a loading 
unit 

Load measurement 

Direct coupling, Strain gauge 


Impact Factor (JCC): 6.8765 


NAAS Rating: 3.11 
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Table 2: Properties of Blending Stocks 


Property 

Diesel 

HA20 

H20 

ASTM method 

Density @15°C (kgm" J ) 

0.835 

0.826 

0.838 

D4052 

Calorific value (MJkg 1 ) 

45.4 

43.9 

43.9 

D240 

ICinematic viscosity (cSt) 

2.15 

3.52 

4.05 

D445 



Figure 1: Experimental Setup 


RESULTS AND DISCUSSIONS 

Brake Specific Fuel Consumption (BSFC) 


Figure 2 shows the BSFC for all test fuels. It is observed that the average values of BSFC for diesel, HA20 and 
H20 are 0.489, 0.496, and 0.521 kg/kWh respectively. BSFC decreases with increase in the load for all test fuels. When 
compared with diesel, HA20 has shown a marginal increase in BSFC at full load. Also it is observed that BSFC for H20 is 
higher by 8.47% than diesel at full load. This may be due to the higher viscosity of H20 than diesel. 



Figure 2: Brake Specific Fuel Consumption Variation with Load 
Brake Thermal Efficiency (BTE) 

Figure 3 shows BTE variations for all test fuels with a load. It is seen from the figure that BTE increases with the 
load for all test fuels. BTE is greatly influenced by mass flow rate and calorific value of the fuel. Under full load 
conditions, BTE for diesel, HA20 ,and H20 are found to be 29.68%, 29.12% and 27.1% respectively. With H20, BTE 
decreased by 9.5% than diesel. The lower calorific value and higher viscosity might have led to the poor atomization and 
vaporization of H20. It is also observed that BTE for HA20 is marginally low (1.56%) than diesel. This might be due to the 
enhanced combustion with the effect of dicyclopentadiene, which lets to have the desired atomization and vaporization of 
the fuel. 
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Figure 3: Brake Thermal Efficiency Variations with Load 

Oxides of Nitrogen 

Figure 4 shows the NO x variations of all test fuels with a load. It is clear from the figure that NO x emission for all 
test fuels increases with increase in the load. It is also observed that NOx emission for H20 is higher than other fuels. The 
average values of NOx for diesel, HA20, and H20 are 0.9086, 0.714 and 1.1352 g/kWh respectively. Under full load 
conditions, the peak combustion temperature is higher in H20 than other fuels. As such, NOx emission recorded is higher 
for H20 than other fuels. It is found that NO x emission increased by 23.25% with H20 than diesel. On the other hand, NOx 
emission for HA20 is lower by 17.63% than diesel. 



Figure 4: NO x Yariations with Load 


Hydro Carbon (HC) 

Figure 5 shows HC variations for all test fuels with the load. The parameters that infl ucnce the formation of HC 
are fuel properties, spray characteristics and engine operating conditions. It is seen from the figure that average HC 
emissions for diesel, HA20, and H20 are 0.045, 0.041 and 0.051 respectively. There is 6.2 % decrease in HC emission with 
HA20 than diesel. The oxygen content in hazelnut biodiesel and improved combustion with dicycloepentadiene might have 
provided an additional advantage which enhanced the oxidation unburned HC. 



Figure 5: Hydro Carbon Emission Yariations with Load 


Impact Factor (JCC): 6.8765 


NAAS Rating: 3.11 
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Carbon monoxide 

Figure 6 shows the variations of CO with the load for all test fuels. The formation of CO is influenced by the 
amount of air available and mixing of fuel and air. It is observed from the figure that average values of CO for diesel, 
HA20, and H20 are 0.6725%, 0.47% and 0.505% respectively. it is also observed that CO emission with HA20 is lower 
than diesel by 35%. Lower CO emission for HA20 than other fuels may be attributed to the combined effect of additional 
oxygen in hazelnut biodiesel and higher cetane number of the fuel. 



Load (^») 

Figure 6: Co Yariations with Load 


Smoke 


Figure 7 shows the smoke emission variations with a load for all test fuels. It is seen from the figure that average 
smoke emission for diesel, HA20, and H20 are 2.70, 2.37 and 2.97 FSN respectively. With HA20, smoke emission reduced 
by 15.56% than diesel. This reduction in smoke might be due to the additive. 



Figure 7: Smoke Emission Yariations with Load 


Exhaust Gas Temperature (EGT) 

Figure 8 shows the EGT variations with a load for all test fuels. EGT is an important parameter that reveals the 
combustion phenomenon. EGT is higher for H20 than other fuels. This might be due to the delayed combustion with H20. 
The poor atomization due to the higher viscosity of H20 might also have intlucnced for higher EGT. 
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CONCLUSIONS 

When compared with diesel, HA20 has shown a marginal increase in BSFC at full load. Also, it is observed that 
BSFC for H20 is higher by 8.47% than diesel at full load. With H20, BTE decreased by 9.5% than diesel. The lower 
calorific value and higher viscosity might have led to the poor atomization and vaporization of H20. It is also observed that 
BTE for HA20 is marginally low (1.56%) than diesel. NOx emission recorded is higher for H20 than other fuels. It is 
found that NO x emission increased by 23.25% with H20 than diesel. On the other hand, NOx emission for HA20 is lower 
by 17.63% than diesel. There is 6.2 % decrease in HC emission with HA20 than diesel. CO emission with HA20 is lower 
than diesel by 35% With HA20, smoke emission reduced by 15.56% than diesel 
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